Possible role of nitric oxide generated by leukocytes in the pathogenesis of hypertensive cerebral edema in stroke-prone spontaneously hypertensive rats.
We investigated the mechanisms responsible for cerebral edema in stroke-prone spontaneously hypertensive rats (SHRSP), including leukocyte activation and nitric oxide (NO) generation, both in vivo and in vitro. We also investigated the effects of angiotensin II (AngII) on leukocyte function in relation to NO production. Leukocyte-endothelial cell adhesion in brain microvessels was investigated by electron tomography using ultra-high voltage electron microscopy. Electron tomography clearly showed that leukocytes had well-developed intracellular organelles and abundant microvilli that were tangled with the endothelial cells in brain microvessels. Under confocal microscopic examination, diaminofluorescein-2 (a NO indicator)-positive cells were closely localized to anti-granulocyte-positive cells. The fluorescence intensity was much stronger in SHRSP than in age-matched Wistar-Kyoto (WKY) rats, as a normotensive control. Mac-1 (leukocyte integrin, CD11b/CD18), angiotensin type 1 (AT1) receptor and inducible nitric oxide synthase (iNOS) expression was higher (or tended to be higher) in SHRSP leukocytes than in WKY leukocytes. The plasma NO metabolite content was also higher in SHRSP than in WKY rats. All of these factors were upregulated by AngII stimulation. Furthermore, NO release from leukocytes was enhanced by AngII or lipopolysaccharide through NF-κB activation, but was suppressed by an AT1 receptor blocker or s-methyl-isothiourea. The present study revealed that one of the causative factors for cerebral edema in SHRSP rats is the generation of NO radicals by iNOS activated via NF-κB in AngII-stimulated leukocytes. Thus, the pathogenesis of cerebral edema in SHRSP is likely to involve inflammatory processes mediated by AngII.